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ABSTRACT

Throughout history, developing a methocettsure that explosiveme safely stored hamerplexed
and challenged the military logisticid®causewhenconventional munitionsire stored in &entralized
location, the possibility of sympathetic detonatexists. This repordiscusseiow a uniqueadmixture,
which can provide reliability and safety in storing munitions, was designed and tested.

This admixture iscomposed of pumice and a material to bondpihuicles ofthe pumice. Early
tests used plaster of parisths bondingagent. Althougtthis material was effective, there wesncern
that it would absorb water. Subsequent tests were conducted using variations of plastereamand a
two-part epoxy-resin mixture. Of the agem¢sted, the two-part epoxy resin was the nafitient
bonding agent.

A series of tests wasonducted on a variety ehunitions toevaluatethe feasibility ofusing a
pumice-filled container as a barrier to prevent sympathetic detonation and propagation. Mokirgéthe
testswere conductedising pumice inits natural formwith no bondingmaterial. Themunitions were
placed inside a container and surrounded by pumice. When a bonding agent wiee wgghserved to
shape the pumice anwld it in placewithin the container.Both methodgroved effective for stopping
sympathetic detonation.

The results othe testsindicated that pumice-filled containers can tsed effectively to safely
store several specific types afunitions; however, further testing is recommendedestablish the
minimum container size fomaximumeffectiveness and to finalize the container's design to erssiee
handling.

INTRODUCTION

The Ordnance Evaluation Section of tNewval Air Warfare Center Weapons Divisidregan
working on a method tprevent sympathetic detonation of geng@malpose bombs it986. A survey of
various munitions known toympathetically detonate was conducted. Full-spabpagationtestswere
thenconducted on a variety of bombs and projectilsgig pumice technology asmaitigation device.
The testing showed promise; however, research emphasis shifted to improving insensitive munitions.

At the samdime, a requiremergxisted for protecting small munitionslhe Ordnance Evaluation

Section wagaskedwith demonstratinghe ability of pumice to prevent the sympathetic detonation of
small munitions or to reduce the maximum credible event to one item.
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Pumice is a foamed volcanic glasalso defined as a whiteolcanic rockwith no odor—that
comesfrom granitic volcanoes. The cells amgrimarily closed cellslessthan 1/2-mmacross, and
separated by thin membranes of granitiaterial that forms thenatrix of the purite. Pumice has a
specificgravity of 0.95, a density df.54 to 1.19/cnt, and a meltingooint of 2500°F. Thechemical
composition of pumice follows.

Chemical Compound Molecular Formula Percentage
Silica SiO, 66.6%
Alumina Al,O; 18.6%
Ferric Oxide FeO; 0.9%
Lime CaO 3.9%
Magnesia MgO 1.4%
Others 3.7%
Loss on ignition 4.9%

METHODOLOGY AND RESULTS

GRENADES

Extensivetestswere conducted in 1988 and 198%imluate a prototypeontainer for storing 40-
mm, M433 high-explosivedual-purposg HEDP) grenades (Referendg. In 1991 further testswere
conducted for storing M43dEDP grenades, M6ffagmentation hand grenades, aik-3A2 concussion
grenades (Referenc®). These tests establishéte proper spacing required between eaghe of
grenade. Two of the tests in the series are discussed in the following paragraphs.

A standard, off-the-shelf, light-steel toolbaras used as a practicabntainer for storing the three
types ofgrenades. Figure 1 showstypical test setugor fragmentation grenades in tlog@en air and
provides the reader with a general idea of what the pumice container looked like.

Similar containers werasedfor all small munitionstests described ithis paper. The test was
conductedwith three containers, each fillegith a pumice and epoxynixture and eacthaving three
polyvinyl chloride sleeves, spacedppropriately for théragmentationgrenades. Two grenadegre
placed in each othe three containers, and eaabceptor was assigned rmmber. The pumice and
grenades in the donor/acceptor container were panet@dacceptor Nol); those in the side-to-side
acceptor box, white (Nos. 2 and 3); and those in the end-to-end acceptor box, orange (Nos. 4 and 5).

The donor grenade detonatedlowing the donor/acceptor containapart. Thetwo acceptor
containers weralso damaged; theacceptor grenades wethrown out of the containers without any
reaction. Acceptor No. 1 was found 37.4 feet fignound zero, No. 2 at féet,No. 3 at 41feet,No. 4
at 78.2 feet, and No. 5 at 51.6 feet.

A second test wasonductedwith the sameest setup as for the previotest. The results ahis
second testwere similar to those observed the first test. Thedonor detonatedplowing the
donor/acceptor contain@apart. Thewo acceptor containers weedso damaged; thecceptorgrenades
were thrown out of the containers, and the fuassemblies separatdcbm the grenades without any



reaction. Thegrenadebodieswere not damagedAcceptorNo. 1 was bund at38.4 feetfrom ground
zero, No. 2 at 98.8 feet, No. 3 at 47 feet, No. 4 at 55 feet, and No. 5 at 39.7 feet.

A third series of tests wasonducted to verify the capability of pumice to prevent sympathetic
detonation in portable magazines. Tastsweresuccessfuand provedhat, with minomaodifications to
the portablemagazine,pumice was effective irstopping sympathetic detonation and reducing the
explosives’ safetyquantity distance (ESQDarc tozero (Referenc®). The Department of Defense
Explosives Safety Board authorized thige of these pumice-filled containers by Special Forces in the
Marine Corps to store these specific grenades inside a modified portable magazine.

FIGURE 1. Three Containers of Fragmentation Grenades With a Pumice and Epoxy Mixture.
The grenades are in their shipping tubes.

EXPLOSIVE ORDNANCE DISPOSAL
QUICK-RESPONSE EXPLOSIVE KITS

Navy Explosives Ordnancd®isposal (EOD) teams required a portabteagazinecapable of
safeguarding a small quantity of Hazard Division (HD) demolitionexplosives for immediate response



with a zero ESQD arc. In 1995, tests were conducted to address this issue (Referermanfigjurtion
was developed to store specifiemolition explosives in pumice-filled containers insidenaodified

portable magazine.

Standard light-steel toolboxes wearged asontainers foall the munitiongequired by a quick-response
EOD Team. Sevenifferent boxes were designedith appropriate spacing angleeves tohold the
munitions. Figure 2 shows a typiantainer designed to hold three 1/2-pobiatks ofCompC-4 (the

center block was used as the donor for this test) and one sheet of demolition charge.
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FIGURE 2. Pumice-Filled Container with Munitions in Place.

The seven containers weptaced inside a portablmagazinethe ventinginside themagazine was
modified to accommodate the tests. BecauselHDtems were required for quick response, thesas
were placed on a shelf positioned abtive pumice containers. The Cor@p4 donor chargavas placed
insideits container,which was surrounded by the other six containers, and detonated. dafteration,
the door of the magazine remained closed and secured with a hardened security lock.

The six containersurrounding the donor containsustainedminor damageput there was no
propagation to any other munitiond'he shelfremained inplace,with most of the HD1.4 munitions

intact. This test was consideredsaccess becaudbe acceptors dichot react, and the door of the



magazinalid notopen. These results arensistentwvith theresults of allother previougeststhat used
1/2 pound of explosives as a donor.

SHOULDER-LAUNCHED MULTIPURPOSE
ATTACK WEAPONS

A test wasconducted to devise a safemethod forshipping and storing Shoulder-Launched
Multipurpose Attack Weapons. The preseotainer for these weaponensists of avooden boxwith
two cardboard boxes inside, one on top of the other. leside cardboarlox is a foam liner molded to
hold three weapons. The liner comes in two identical sections, top and bottom. The maret@digaed
to point in the same direction. Each weamamsists of awarhead and a rocketvhich are inside a
fiberglass tube.

For the test, the moldddam linerwas modified by cting out an 8-inch-longsection to line up
with the warhead. The section waplacedwith a pumice and epoxyixture, whichwas moldednto a
shape similar to the shape of thidginal cutout, except the bottom haideshigh enough tocover the
warhead, and the top was a flat piece of the pumice and epoxy migurkve warheads were used, one
as a donor and five as acceptoEmptyfiberglass tubesrere numbered anglaced inthe remaining 12
slots ofthe six complete cardboaitooxes. Thesempty tubeswere used toindicate fragment and
pressure damage. The cardboard boxes plamed intwo stacks. Onestack wadour boxeshigh, with
the donor in thesecondbox from the bottom and at tiséde nearest the secorslack. Thesecond stack
was two boxes high. The donor warhead was near the center, surrounded by live acceptors.

The acceptor closest to the donor received the most damage. This acceptor broke gpadesnd
of the warhead and shaped-charge liner vgeedterecaround the aredgut the acceptor dichot detonate
or burn. The warheads from the other live acceptors remained inside their fiberglass tubes, sustaining only
minor damage. The empty fiberglass tubes received little or no damage.

155-MM COMP-B-LOADED PROJECTILES

Three tests were conducted using pumice placed between 155-mm Comp-B-loaded projectiles. The
complete details of thedests argeported in Reference 5. Thalowing paragraphs summarizme of
the tests.

The test used nine 155-m@omp-B-loaded projectiles placed—three wide and thwag—in a
plywood box. The test configuration consisted of nine projectiles standing upright in theithak)-inch
spacing between each projectile. Dry pumice was placed in the contagmetoall butthe lifting rings.
The center projectile was primed.

The test results indicated that, although the donor detonated aighéficceptors were broken and
scatteredaround the tesarena, theacceptors dichot detonate or burn. Sympathetic detonation was
prevented by the 10 inches of pumice.



MK-82 BOMBS

Two field tests—aNine-BombTestand a Seven-Bombest—were conducted toirther evaluate
the pumice concept. A brisbimmary ofthese tests ipresented in théollowing paragraphs. Complete
details of the tests can be found in Reference 5.

The containersisedfor both testsvere constructed of 1/2-inch plywood. Each contamas 74
inches long, 31 inches wide, and 31 inches high (outer dimensions). The footing on eaets [2xches
thick, with two 10.5-inch-wideslots for forklift handling. Before thelive Mk-82 bombs werénstalled,
each box was patrtially filled with a 9-inch layer of dry pumice. The live bombsthameentered in the
boxes (5 inchefrom theinside ends of the box to the nose aaitl of thebomb and 9 inches from the
sides of the bomb to the inside walls and top and bottom of the box), and dry pumagdeddo encase
the bomb. Each box was covered with a lid made of 1/2-inch plywood.

For theNine-BombTest,the containers wergtackee—three wide and threlkigh—onlevel ground.
The container in the upper-left corner of teckhoused thdive donor bombwhich was designhated as
bombNo. 9. For the Seven-Bomibest, severtontainers wer@laced side by side in laox-high trench
(Figure 3). The container at one end housedivkedonor bombwhich was designated as borio. 77.
Bomb No. 77 was initiated at its base.
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FIGURE 3. Seven Mk-82 Bombs in Pumice-Filled Containers Prior to Firing.



During the Nine-BomI¥est,three acceptor bombext to the donerbesidebombNo. 8, below
bombNo. 6, and diagonal to bom¥o. 5—were brokenput did not detonate or burn (Figu#. The
other five acceptor bombs were expelled from the boxes and found in undamaged condition as far as 189.4
feetfrom groundzero. A baseplatéfom one of the brokebombs waghrown 196.75 feetthe farthest
distance away any of the bombs or bomb pieces were scattered.

DONOR ACCEPTOR ACCEPTOR
NO. 9 NO. 8 NO. 7
BROKEN

NO REACTION UNDAMAGED
ACCEPTOR ACCEPTOR ACCEPTOR
NO. 6 NO. 5 NO. 4
BROKEN BROKEN
NO REACTION NO REACTION UNDAMAGED
ACCEPTOR ACCEPTOR ACCEPTOR
NO. 3 NO. 2 NO. 1
UNDAMAGED UNDAMAGED UNDAMAGED

FIGURE 4. Results of Mk-82 Nine-Bomb Test.

During the Seven-Bomibest,the Mk-82 bomimext to the done~No. 66—was brokenbut did not
detonate or burn (Figure 5). The main body section of bdmb66wasthrown211.5 feet. Three of the
other acceptors were expellddom the trenchout were undamaged. Tlwo acceptors farthesaway
from thedonor—Nos. 11 and 22—were found in theriginal positions,with their containers nearly
intact. One fully intact acceptor—No. 55, which was second from the donor—was thrown 180 feet.



FIGURE 5. Bomb No. 66 After Detonation of No. 77.

MK-84 BOMBS ON READY AIRCRAFT

A series of tests wasonducted in February and March 1888 todetermine a method to prevent
sympathetic detonation of genepalrpose bombs located on aircraft. Thtestswere conductedising
an F-16 configuration as thgpical aircraft(Figure6). Summaries of two othese tests angresented in
the following paragraphs. Complete details of all three tests can be found in Reference 5



FIGURE 6. Concept Drawing of a Typical Aircraft With Pumice
Containers Between Mk-84 Bombs.

To simulate bombsanging on arF-16, two Mk-84 bombs werplaced parallel, 34nches apart.
The nose of thédomb for the outboard statiamas offset 33 inchebBom thenose of the bomb for the
inboard station. Almeasurements were takfam drawings of doaded F-16. In all testshe outboard
bomb was used as the donor. The outboard bomb was initiated at its nose.

In the first testtwo Mk-84 bombs werasuspended under a fabricatetgelframe to simulate the
aircraftwing. The acceptor in thitest was annert concrete-filled bomb to determindether fragments
from the donoimpacted theacceptor. Awooden box—112 inchdeng by 25inches wide by 25 inches
high—wasplacedbetween the two bombsThe box was filledwith dry pumice material. A 4/2-inch
space was maintained between the box and edge of each bomb.

For the second test, the ground was raked clean of rocks and debris, then leveled. ko e
bombs were placed omooden sinds. A series o8-foot by 4-foot by 1/2-inch plywoodheets was
placed as bassupports fothe bomb and box ahds. Thewvooden boxwas 124 inchefong, 25 inches
wide, and 37 inches high (outer dimensions).

After the donowas detonated during tHiest test, theert bombwasthrown 432 feet tathe south
of thecrater. Oneside ofthe inert bombwas deformedrom pressure, and thieaseplate was separated
from thebody, but there were no indicationsfaigmentimpacts on the bomb. Analysis bigh-speed
film showed that the pumice deflected much of the blast away from the acceptor.

After the donor was detonated during the second test, the acceptor bomb broke, but from mechanical
forces only. The nospiece was located 80 feet southeasthef crater(Figure 7). A large fragment,
primarily the strongback sectiomas located irthe crater. The baseplate was locagggpbroximately
1173 feet west of the crater. Large and small pieces of explosives were scattered over a large area.



FIGURE 7. Nose Section of Acceptor Mk-84 Bomb After Detonation in Test.

Based orhigh-speed filmanalysis, the dimensions of the pumice-filled box were increased to be
effective in a situation where either the inboard or outboard station b@mlthe donor.Further analysis
indicated that a taller arldngerbarrier should be moreffective in stopping propagatiorBased on the
results of these tests, a pumice-fills@htainer is deasible barrier to prevent sympathet&tonation and
propagation.

Further testing is recommendedestablish the mimum container size fomaximumeffectiveness
in preventing propagation and to finalize the container's design, not onbffémtiveness, bualso to
ensure safe handling.

SUMMARY AND CONCLUSIONS

A series of tests wasonducted on a variety @hunitions toevaluatethe feasibility ofusing a
pumice-filled container as a barrier to prevent sympathetic detonation and propagation. Mokirgéthe
testswere conductedising pumice irits natural formwith no bondingmaterial. Themunitions were
placed inside a container and surrounded by pumice. When a bonding agent wiee wgphserved to
shape the pumice anld it in placewithin the container.Both methodgroved effective for stopping
sympathetic detonation.

The results othe testsindicated that pumice-filled containers canusedeffectively to safely
store several specific types afunitions; however, further testing is recommendedestablish the
minimum container size fomaximumeffectiveness and to finalize the container's design to ersaiee
handling.
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